Background: As a result of lack of precise guidelines, nutritional surveys on adults and high-risk groups are using diverse reference values as a dividing line between normal and deficient vitamin A status. Objective: To investigate whether pregnant women at marginally normal serum retinol status exhibit functional alteration that are characteristic of a deficiency state. Setting: Antenatal clinic, Gondar teaching hospital. Subjects: Ninety-six healthy pregnant women were recruited for the study at the antenatal clinic.
Introduction
In countries where vitamin A deficiency (VAD) is a public health problem, not only children, but also pregnant women and lactating mothers are vulnerable to it. Studies have shown that the deficiency may affect up to 40% of pregnant Ethiopian women (Thein, 1979) . VAD has adverse effects on health, particularly during infancy, childhood and pregnancy because of the rapid growth, proliferation and tissue development that happen in these phases of life. Vitamin A deficient women were found to be more susceptible to illnesses of both infectious such as frequent infection of mucous surface of hallow viscera (Christian et al, 1998) and non-infectious (eclampsia, pre-eclampsia, premature rupture of membrane) nature (Mikhail et al, 1994; Barrett et al, 1994; Ziari et al, 1996) .
Night blindness and xerophthalmia are classical clinical manifestations of advanced VAD in childhood. Earlier studies have shown that these clinical signs are not good indicators of deficiency in adulthood (Pilch, 1987) This might be due to the fact that they appear very late in the course and are less frequent in adults as compared to their manifestation pattern in children. Thus, diagnosing hypovitaminosis A based on the presence of night blindness does not give a complete picture of the magnitude of the problem. Another method that is frequently used as an indicator of vitamin A status in community and high-risk group surveys is determination of serum retinol concentration. There is, however, no established cut-off for serum retinol value for pregnant and lactating women. Traditionally only values below 10 mg=dl have been considered deficient (Underwood, 1990) . The WHO (1976) has set the serum retinol value of 20 mg=dl as the lowest margin of vitamin A sufficiency in under-5-y-old children. Carney and Russel (1980) have recommended 20 mg=dl as a reference point for both children and adults. As a result of the presence of multiple guidelines and lack of precise recommendation, nutritional surveys have used diverse reference values as a dividing line between normal and deficient vitamin A status. This in turn jeopardized comparability of results of population-based prevalence studies. However, there is evidence that these reference values are inappropriately low to be used for pregnant women and lactating mothers. Some studies reported that xerophthalmia and night blindness, signs of extreme VAD, were found in pregnant women at serum retinol levels well above the reference values (Pilch, 1987; Shatrugna et al, 1997; Haskell & Brown, 1999) , at ranges between 20 and 35 mg=dl. As a result, there is a growing interest in knowing whether pregnant women with serum retinol levels in the marginal range (20 -35 mg=dl) are also at risk of physiological impairment due to VAD. Hence, the objective of this study was to investigate whether these marginally normal women (with regard to serum vitamin A) exhibit functional alterations that are characteristic of a deficiency state. Their dark adaptation pattern is a reliable indicator of accompanying functional alteration. Dark adaptation refers to the increase in visual sensitivity with increasing time in the dark following exposure to light. Dark adaptation thresholds are strongly associated with serum retinol concentration and change rapidly with altering vitamin A status (Russell, 2000) . It is, therefore, a valid and highly reproducible functional parameter of evident or covert (sub-clinical) VAD.
Methods
The study was conducted at the antenatal clinic of the Gondar teaching hospital (Gondar, Ethiopia). Women appearing for the first antenatal check-up in their third trimester were recruited for the study. They gave informed consent to the study, which was approved by the ethical committee of the Gondar College of Medical Sciences. Women's socio-demographic and economic status, and dietary, anthropometric and maternity data were collected. A thorough physical assessment including ophthalmic examination, visual acuity (Snellen chart) and color vision (Ishihara isochromatic color plates) was performed.
Blood samples were taken from the anticubital vein of each woman in two separate containers. One of the serum samples was sent to the clinical chemistry unit of the central laboratory of the hospital for determination of total serum protein, cholesterol, and hematocrit. The other sample was centrifuged within an hour and deep frozen at 725 C until it was transported to the Chemical Pathology Department, Leicester Royal Infirmary, Leicester University, where serum vitamin A and b-carotene levels were analyzed by HPLC. The result of the biochemical screen was used to group women into cases and controls. Women having serum retinol concentration ranging from 20 to 35 mg=dl were grouped as cases (n ¼ 48). Pregnant women with similar age and parity attending the antenatal clinic at the same time with serum retinol values above 35 mg=dl were used as controls (n ¼ 48). Women under the age of 16, suffering from any debilitating chronic illness, or carrying more than one fetus were excluded.
Dark adaptation thresholds were measured using dark adaptometer, Hartlinger model, Carl-Zeiss. Test subjects were taken into a dark room and first required to adapt to light by exposure to the brightly illuminated (1000 cd=m 2 ) spherical stimulus bowl of the adaptometer. This light intensity is approximately equivalent to the luminance of a cloudy sky at noon (Hook & Finkelstein, 1986) . The adaptation to light greatly reduced the sensitivity of test subjects to light by bleaching retinal photo pigments, and established a well-defined starting level from which the course of dark adaptation could be followed. After 10 min the light adaptation stimulus was extinguished. The brightness of the testing surface was reduced to initial dark adaptation luminescence point. Subjects were then instructed to report when they just detected the flash of the test surface (10 cm radius) from a distance of 60 cm while focusing on a fixation red light kept at an angle of 45 from the testing surface. Upon detection of the flashed surface, the luminance of the surface was further reduced to let women adapt to lower luminescence and the process was repeated for 40 min. The intensity of the justdetectable flashes and the time at which they were detected were recorded. Similarly the sensitivity of the visual system of each person to light was plotted against time in the dark. A single trained science laboratory technician did all dark adaptometric testing. The records were analyzed to determine: (1) the dark adaptation threshold (log cd=m 2 ) at the rod -cone break; (2) minutes taken to reach the rod -cone break; (3) final light threshold (log cd=m 2 ); (4) minutes taken to fully dark adapt; and (5) percentage increase of the sensitivity of the retina as compared to initial dark sensitivity.
Comparisons of dark adaptation pattern were made between the two groups of women. All data are expressed as means AE s.d. (except those in the diagram). Statistical analysis and differences between means were tested using the statistical programme EPI 6.0. Student's t-test (P ¼ 0.05) was used to compare differences in mean serum retinol concentration, mean serum b-carotene level, and dark adaptation thresholds between the two groups.
Results
A total of 96 women were recruited for the study. From these, three control women were excluded because the darkDark adaptation of pregnant women Y Wondmikun adaptation test was not acceptable to them. The studied population was relatively young with a mean age of 24.3 AE 6 y, average household size of 3.5 AE 1.5 and nulliparity of 38%, 98% of them were married. The mean gestational week was 29 AE 4 weeks. Geographically 62% of the women were residing in towns and 38% in rural settings. Cases and controls did not differ in age, parity and gestational age ( Table 1) . The most commonly consumed dishes by all of them were from the typical highland Ethiopian traditional diet described elsewhere (Gebre-Medhin & Gobezie, 1975) . The women stated that they did not regularly supplement their diet during pregnancy. None of them had used multivitamin or iron supplementation during the pregnancy. None of them were smokers or took alcoholic beverages. There were no corneal rings or scars interfering with light transmission. None of them had a significant color vision defect.
The mean serum retinol level of cases and controls was 23.35 and 40.47 mg=dl, respectively. This difference was statistically significant (P < 0.008; 1.12 < OR < 2.67). Groups showed no difference in their serum cholesterol and hematocrit values. All women had normal cholesterol values. It was observed that women with low serum retinol also had low serum protein, but this association was statistically insignificant (P < 0.07).
The dark adaptation pattern of cases was compared with that of controls. The results are shown in Figure 1 . Cases have a lower dark adaptation than their controls depicted by their remarkably reduced sensitivity to light. For instance at half-time of dark adaptation (20 min), the mean light threshold was 71.80 AE 0.2 log cd=m 2 in cases as compared to 72.20 AE 0.19 log cd=m 2 in the control group. The difference is statistically significant (P < 0.05). The difference in dark adaptation was pertinent right from the first minute of testing and was apparent in both rod and cone adaptation (Figure 1) . A clear rod -cone break point could not be determined for eight cases and five controls. However, maximum cone light threshold and rod -cone break time were determined using the remaining data. The maximum light and that of controls was 71.12 AE 0.13 log cd=m 2 (P < 0.05). The times taken to reach rod -cone break were 8.02 AE 1.02 and 6.08 AE 1 min in cases and controls, respectively, ie cases required a higher luminescence grade and more time in the dark to reach rod -cone break (P < 0.01). Mean final retinal sensitivity of controls was raised 7Â as compared to initial dark phase retinal sensitivity, whereas that of cases was 5.5Â. Similarly, the mean final light threshold of controls, 72.20 AE 0.11 log cd=m 2 , was considerably lower compared with the mean final threshold values of controls, which was 72.88 AE 0.10 log cd=m 2 (P < 0.001), indicating cases had reduced sensitivity to low light illumination.
Discussion
This study tried to correlate serum vitamin A values that are traditionally accepted as marginally normal with dark adaptation, which is a controlled and reproducible psycho-physiological method for detection of early manifestation of hypovitaminosis A in adults. This study revealed that women having serum values below 35 mg=dl have reduced sensitivity to low light stimulation and abnormal dark adaptation as compared to controls, which was depicted by delayed rod -cone break and high mean final luminescence threshold. This implies that pregnant women with serum values below 35 mg=dl should be labeled as vitamin A insufficient, at least in populations where VAD is a public health problem.
The inference that women with marginal serum vitamin A values have sub-clinical VAD was drawn from interpretation of score of observations made on the dark adaptation patterns of the two study groups. Indeed, the difference between the dark adaptation of cases and controls was more marked when specific points of the curve were analyzed. Cases have a higher maximum light threshold value for cone dark adaptation, need longer to reach to rod -cone break and their mean final light threshold is higher than controls by 0.66 log cd=m 2 (Figure 1 ). However, it is difficult to compare the final light threshold of any group of this study with absolute figures of other dark adaptation study results with any degree of validity and sense. The problem arises from the fact that investigators used various techniques and methods (Goldman-weekers, Friedmann visual field analyzer, pupillary threshold method, etc) to assess scoropic vision pattern (Hussaini et al, 1998; Herlong et al, 1981; Congdon et al, 2000) . Methods vary in defining dark adaptation, their calibration and spectral composition, initial dark adaptation level, age, sex grouping etc. In addition, there are no age-, sex-and group-specific (such as race) reference curves established for population studies. Nevertheless, the significant contribution of this study is that, in defining the population at risk, the dividing line between satisfactory and unsatisfactory serum vitamin A levels should not be the same for children and pregnant women. This implies that there is still a need for guidelines for interpretation of blood retinol levels in adults, special risk groups and children. Likewise, there is a need to establish dark adaptation reference values by using devices that are simpler and more portable than the Hartlinger dark adaptometer and that can easily be used in field settings (Congdon et al, 1995) .
One can be sure of vitamin A sufficiency only if a normal dark response is elicited. In our case, the pregnant women at the marginal range of serum vitamin A level exhibit latent manifestation of VAD detected by impaired scotopic vision, which could be a reflection of an increased demand and lower body reserves, even if pregnancy-related additional requirement is relatively small. For women having better nutritional standing change in the daily-recommended intake may not be necessary. However, for the non-privileged women who have chronically low levels of intake and exist barely at the margin of safety, pregnancy is a marked nutritional burden that critically depletes maternal body stores (Haskell & Brown, 1999) . Releasing stored vitamin A, since they have inadequate liver store, cannot compensate for the increment (Underwood, 1994; Humphrey & Rice, 2000) . Therefore, it is essential to supplement pregnant women with a vitamin A rich diet or vitamin rations during antenatal check-ups to avert the risk of deficiency in maternal and fetal body. Furthermore, in this group of women the concern for deficiency stretches beyond pregnancy and fetal nutrition. As Haskell and Brown (1999) pointed out, theoretically maternal nutritional status does not alter after delivery. Milk from a malnourished mother may not contain sufficient vitamin A to maintain and build vitamin A stores in her infant (Gebre-Medhin et al, 1976; Lonnerdal, 1986) . Mothers' milk is the sole source of vitamin A for infants of low-income populations such as Ethiopians where up to 80% of infants remain breast-fed beyond the first birthday with little or no supplementation (Asefa et al, 1998; Muhe et al, 1996) .
In view of the finding that the mean plasma protein concentration of cases was lower than that of controls, the contribution of general protein-energy malnutrition to VAD should be examined. It is possible that a drop in plasma protein level is associated with low plasma retinol. This is presumably due to reduced synthesis of retinol binding protein in hypoprotinaemia (Dutta et al, 1981) . It was reported that, regardless of the status of vitamin A in the body, a deficiency of retinol binding protein may limit the serum level of vitamin A. Furthermore, although we have a statistically correlated association between low serum retinol and dark adaptation, some other uncontrolled factors might have contributed to the defective dark adaptation. For instance, zinc deficiency may lead to similar effect (Ugarta & Osborne, 2001; Herlong et al, 1981) because of its participation in the enzymatic process of converting retinol to biologically active form.
In conclusion, it is apparent that pregnant women at marginal serum retinol values (20 -35 mg=dl) have functional 
